Introduction
Among married couples, an individual's perceived and actual risks of being infected with HIV is closely intertwined with his or her spouse's. As the HIV/AIDS epidemic spreads to the general population, a large and increasing proportion of HIV transmissions occurs within marriage (Bongaarts 1996) . Indeed, discordant couples (i.e. couples where only one partner is infected with HIV) represent the majority of HIV-infected couples in sub-Saharan Africa (de Walque 2007) , and a large proportion of new HIV infections in this region occurs within discordant couples in longterm stable partnerships (Dunkle et al. 2008; Hudson 1996; Robinson et al. 1999) . Although both husbands and wives are at risk of contracting HIV from their spouse, cultural, social and biological gender inequalities render women particularly vulnerable to transmission from their husbands (Gilbert and Walker 2002; Heise and Elias 1995) . First, gender-based norms in which it is more permissible for men than for women to have extramarital sexual partners make it more likely that men will bring HIV into the union after marriage. Prospective longitudinal studies of couples have shown that women are most likely to become HIV-infected from their husbands, while men typically become infected through extramarital sexual partnerships (de Zoysa et al. 1996; Heise and Elias 1995; King et al. 1993; McKenna et al. 1997) . Second, other studies of stable unions in sub-Saharan Africa have shown that, of individuals with HIV positive spouses, women experience a higher incidence rate than men, suggesting that women may be biologically more susceptible to HIV transmission than men (Carpenter et al. 1999; Hugonnet et al. 2002) . Finally, women's relatively weak negotiating power within marriage as well as their limited ability to find social and economic support outside of marriage makes it difficult for wives to curtail their spouses' extramarital sexual activities or to insist on protective measures like condoms with their spouses (Turmen 2003) .
Not only married individuals' actual HIV risk but also their perceived risk of HIV infection is influenced by their partners' characteristics and sexual behavior. In fact, individuals' perceptions of their spouses' HIV risk are perhaps more influential in affecting their sexual behavior than actual HIV risk, for at least two reasons. First, actual HIV status is not known by many residents of sub-Saharan Africa: in 2004, estimates by UNAIDS and WHO indicated that in low or middle-income countries only 10% of people at risk of HIV infection have access to voluntary counseling and testing (VCT) (UNAIDS 2004) . Secondly, even when HIV status is known, individuals may not be willing to share information about their HIV status with their spouse (Anglewicz 2008 ). Fear of stigma or reprisal from one's spouse is further likely to diminish individuals' willingness to get tested or disclose their results even where VCT services are available (Grinstead et al. 2001; King et al. 2007 ). Empirical evidence confirms that beliefs about a spouse's behavior strongly shape individuals' worry about having or contracting HIV/AIDS, as well as subsequent behavior related to prevention of HIV infection (Moore et al. 2004; Smith 2003) . In addition, studies show that spouses' sexual behavior is a more important factor in determining perceived HIV risk for women than it is for men (Akwara et al. 2003; Clark 2005; Smith and Watkins 2005) .
Despite the clear importance in relation to HIV prevention, little is known about spouses' perceptions and knowledge of the risks they may pose to each other. Theoretical and empirical models such as the Health Belief Model tend to examine HIV risk primarily from the individual's perspective, and rely on reports of individual sexual behavior as the main predictors of actual and perceived risk of HIV infection (Rosenstock 1974 ). Yet studies have consistently found that individuals' self-assessments of their own HIV risk are poorly correlated with their actual HIV status, even when the mechanisms of HIV transmission are well-understood. For example, one case-control study in Tanzania found no statistically significant relationship between perceived HIV risk and actual HIV infection (Quigley et al. 1997) . Inaccuracies seem to be largely driven by 'false positives', that is, individuals who perceive themselves to be at an elevated risk of HIV/AIDS, but who are, in fact, uninfected. In another example, 33% of clients at a VCT center in Zambia gave incorrect self reports of their HIV/AIDS status, and 53% of these inaccurate selfreports were for individuals who thought they were HIV positive but were in fact HIV negative (Chintu et al. 1997) . Because those seeking VCT may do so because they are already experiencing symptoms of AIDS, it is not surprising that false-positive HIV assessments were slightly more common at a VCT center than in a population-based sample: in rural Malawi, approximately 26% of respondents incorrectly thought they were HIV positive, and 92.8% of those who thought they were infected were actually HIV negative (Bignami-Van Assche et al. 2007 ).
Perceptions of a spouse's HIV risk are expected to be even more inaccurate than self-perceptions of risk, since the sexual behavior of one's spouse is typically not known with certainty. However, data confirming this intuition are sparse and have been collected only in developed countries. For example, patients with gonorrhea and chlamydia in Seattle, Washington, reported relatively poor knowledge of their sexual partners' involvement in commercial sexual activity or multiple partnerships (Stoner et al. 2003) . Only one unpublished article examines the difference between perceived partner risks and the partner's self-reported risk of HIV in stable heterosexual couples, using data from Florida (Moore et al. 2004 ). This study, however, does not compare perceptions of partners' risk to partners' actual HIV status.
In this paper, we use currently married couples' data collected in rural Malawi to determine how accurately spouses assess each other's HIV risks, compared to their own risk. We begin by evaluating whether married individuals over-or under-estimate their spouses' risk of HIV, and we then compare this assessment with that of their own HIV risk. Lastly, we examine whether individual or spousal behaviors and characteristics are associated with how accurately respondents assess their spouses' and their own risk of HIV infection.
Methods

Study Setting
Malawi is one of the poorest countries in Africa and has among the highest HIV prevalence rates in the world (UNAIDS 2008). As in most countries in sub-Saharan Africa, in Malawi, HIV prevalence tests to be higher in urban areas than in rural areas. According to the 2004 Malawi Demographic Health Survey, among men and women age 15-49 who were tested, HIV prevalence was 17.1% for those who lived in urban areas, compared to 10.8% for rural residents (National Statistical Office and ORC Macro 2005) . Urban-rural differentials in HIV risk are partly explained by cyclical migration between rural areas and urban centers both within Malawi and neighboring countries such as Zambia, Zimbabwe and South Africa (Anarfi 1993; Chirwa 1997) . Another important factor to explain urban-rural differentials in HIV risk is sexual behavior, since rural residents tend to report fewer premarital and extramarital sexual partnerships than their urban counterparts (National Statistical Office and ORC Macro 2005) . HIV risk in Malawi differs also along another dimension, that is, region of residence. HIV/AIDS prevalence rates tend to be higher in the southern than in the northern region of Malawi. In 2004, HIV prevalence for people who were living in the southern region was 17.6% compared to 8.1% for individuals who were living in the northern region. Both men and women in the southern region of Malawi also report more lifetime sexual partners than Malawians living in the northern part of the country (National Statistical Office and ORC Macro 2005).
For our analyses, we use population-based survey and biomarker data collected as part of the Malawi Diffusion and Ideational Change Project (MDICP). Since 1998, the MDICP has collected longitudinal data from married men and women in three rural sites in Malawi: Rumphi (in the northern region), Mchinji (in the central region) and Balaka (in the southern region). The variation found among these three sites in terms of language, ethnicity, kinship and lineage systems, and religion captures much of the diversity found in rural Malawi.
Sample Selection
The MDICP was designed as a couples' survey, targeting a population-based representative sample of approximately 1,500 ever-married women and 1,000 of their husbands in the three rural sites of Malawi described above . After household enumeration of the three survey sites was conducted, a random sample of approximately 500 ever-married women aged 15-49 were selected to be interviewed in each site. If these women were currently married, their spouses where also eligible to participate in the survey. As there are different definitions of ''marriage'' across and within countries in sub-Saharan Africa (Meekers 1992; van de Walle 1968) , the MDICP relied on respondents' self-reported descriptions of their status as ''married'' regardless of whether there had been any sort of public marriage ceremony. Moreover, by design, fewer men than women were interviewed either because the sampled ever-married woman was no longer married or because her current husband was unable to be interviewed. High levels of male migration as well as long or irregular work schedules away from home resulted in fewer husbands than wives being interviewed (Anglewicz 2007) .
Each successive wave of the MDICP followed-up with the original MDICP-1998 respondents and also interviewed any new spouses if the respondent had remarried between survey waves. In the third wave, conducted in 2004, the MDICP interviewed 2,279 ever-married respondents, of whom 1,149 women (89%) and 951 men (98%) were married at the time of the survey. Of the currently married respondents, the MDICP-2004 interviewed both spouses in 768 monogamous couples, which represents the sample for the present analysis. Respondents in polygamous unions (corresponding to 17% and 11%, respectively, of interviewed women and men currently married to a co-resident spouse) were excluded for the purposes of the present analysis because it is not possible to identify which wife's HIV status the polygamous husband is assessing.
In addition to collecting basic socio-demographic data on these 768 monogamous couples, the MDICP-2004 has three critical features that make our analyses possible. First, in the survey component of the MDICP-2004, all respondents were asked to estimate both (1) the likelihood that they were infected with HIV and (2) the likelihood that their spouse was infected with HIV (husbands and wives were interviewed separately in a private location, in order to ensure confidentiality of survey responses). Second, the MDICP-2004 provided HIV tests to all respondents who consented (as described below). Third, although HIV testing was carried out anonymously to ensure confidentiality, it is possible to link survey and biomarker information collected by the MDICP-2004, and thus to link husbands' and wives' self-reported perceptions about their HIV risk to their and their spouses' actual HIV status.
HIV Testing Procedures
According to the MDICP-2004 biomarker protocol (Bignami-Van Assche et al. 2004) , after the survey interview was administered by locally-hired interviewers, all interviewed respondents were approached by a biomarker testing team. Written informed consent (either a signature or thumbprint) was obtained from all respondents who agreed to be tested. Nurses trained in biomarker collection carried out the HIV test by taking saliva samples from respondents who consented (Orasure Technologies Inc, Bethlehem, Pennsylvania, USA). The biomarker samples were sent to a laboratory in Lilongwe, Malawi, where HIV antibody status was assessed using enzyme-lined immunosorbent assays (ELISA) kits for initial screening, and positive results were confirmed by a Western Blot test.
After fieldwork, all respondents tested were given the opportunity to receive their results, which were made available in temporary counseling centers set up in central locations within MDICP sample villages (Thornton 2005) . HIV test results were presented with post-test counseling by a trained nurse within four months of testing (Thornton 2005) .
Because HIV testing was voluntary, not all husbands and wives in the 768 couples chosen for the present analysis were both interviewed by the survey and tested for HIV. In addition, it is possible that, if interviewed, the respondents did not give an assessment of their spouse's likelihood of current HIV infection. Variations in these sub-samples are displayed in Table 1 . Of the 768 monogamous married couples chosen for the analysis, 622 husbands and 660 wives were both interviewed and tested for HIV. Among the 622 husbands who were interviewed and tested, 612 of their wives provided assessments of whether they thought their husbands were infected.
Measurement
We begin by estimating the accuracy of rural Malawians in assessing the HIV status of their spouse as well as themselves. To do so, we compare respondents' actual serostatus to their perceived risk of HIV infection for themselves and their spouses. We measure agreement between actual and perceived HIV risk by calculating chisquare and Kappa statistics. Kappa statistics assess the level of agreement beyond what would be expected by chance agreement alone. For both these measures, higher values represent greater accuracy in assessing HIV status (one's spouse's or one's own). We determine respondents' perception of their spouses' HIV status from responses to the question: 'In your opinion, what is the likelihood (chance) that your spouse is infected with HIV now?' Similarly, respondents' perception of their own likelihood of HIV infection is assessed from responses to the corresponding survey question: 'In your opinion, what is the likelihood (chance) that you are infected with HIV now?' For both questions, the options of answers are: 'No likelihood', 'Low likelihood', 'Medium likelihood', 'High likelihood', and 'Don't know'. For the analysis, we dichotomize perceived HIV risk assessments into low likelihood (including the original responses 'no likelihood' and 'low likelihood') and high likelihood (including the original responses 'medium likelihood' and 'high likelihood'). An alternative dichotomization (no likelihood vs. some likelihood, the latter including low, medium and high) did not yield results that change the conclusions reached in this paper. In dichotomizing the four-category measure of risk perception, we assume that respondent's perception of a high likelihood of being HIV positive corresponds to a relatively high probability (i.e., above 50%) of being infected with HIV; similarly, we assume that a no or low likelihood corresponds to a fairly low probability of HIV infection, below 5%. An analysis that compares categorical self-assessments with numerical probabilities for the same study population supports the validity of this assumption (see Delavande et al. 2007 for more details).
Next, we identify which individual and spousal characteristics are associated with accurately assessing HIV risk for one's spouse and oneself. We focus on 'false positives' (self-assessments of a high likelihood of HIV infection given by HIV negative respondents) for both empirical as well as substantive reasons. First, 'false positives' are by far the most common type of incorrect assessment. Indeed, the number of 'false negatives' (HIV positive individuals reporting a low likelihood of HIV infection) is too small (36 cases) for any meaningful statistical analysis. Second, by focusing on false positives, we aim to identify the reasons why individuals overestimate their spouses' and their own HIV risk. Therefore, we exclude the small number of HIV positive respondents (44 men and 37 women) from the multivariate regressions of HIV assessment. We fit two multivariate logistic regressions to the data, where the dependent variables are: (1) the respondent's assessment of his/her spouse's HIV status; (2) the respondent's assessment of his/her own HIV status. Since all respondents in the analysis are HIV negative, the results reveal predictors of overestimating (rather than accurately assessing) the likelihood of current HIV infection. Results of ordered logistic regressions with risk perception as a four-category variable were not substantively different from the results presented in the next section.
Results
Descriptive statistics of spouses' characteristics and behaviors for the couples selected for the analysis are displayed in Table 2 . On average, husbands in our sample are older and more educated than their wives. HIV prevalence is 5.6% for wives and 7.1% for husbands. Most couples included in the analysis (91.7%) are concordant, and the vast majority of concordant couples are HIV negative (89.4%). With respect to sexual exclusivity, husbands are more likely than wives to report that they have extramarital sexual partners, and wives are more likely than husbands to suspect that their spouse has been unfaithful. Finally, 13% of husbands reported that they had been tested for HIV prior to MDICP-2004 compared to 8% of wives, and husbands were also more likely to have discussed their HIV status with their spouse than wives were. Table 3 compares respondents' assessments of their spouses' risk of having HIV to their spouses' actual HIV status, and also shows how accurately MDICP-2004 respondents assess their own risk of having HIV. We find that there is considerable inaccuracy among respondents concerning their spouses' as well as their own HIV status. Specifically, both men and women overestimate their own HIV risk as well as their spouses'. Of the 72 women who reported that there was a high likelihood that their husband had HIV, 89% were HIV negative and therefore inaccurate in their assessment. Similarly, of the 31 men who reported that there was a high likelihood their wife had HIV, 91% of their wives were HIV negative. Respondents were even more likely to overestimate their own HIV risk: among men and women who reported a high likelihood that they themselves were HIV positive, 95% of women and 96% of men were not actually infected. Overall, respondents were thus more accurate in assessing their spouse' likelihood of HIV infection than their own. It is interesting to note that both female and male respondents reporting that they did not know the likelihood of their spouses having HIV were about as likely to have an HIV positive spouse as respondents who reported a high likelihood that their spouse was HIV positive. In addition, when assessing the likelihood of their own HIV status, both female and male respondents answering 'don't know' were approximately twice as likely to be HIV positive as respondents assessing a high likelihood of infection. In other words, it seems that respondents were often not comfortable in admitting to an unknown interviewer that they or their spouse might be HIV positive, and that they were more hesitant in the former case.
Although the overall accuracy of respondents' assessments of their spouses' and their own HIV status is quite low, Table 3 shows that wives are better than husbands at assessing the HIV status of their spouses. Women who thought their husband was highly likely to be HIV positive were significantly more likely to actually have an HIV positive husband than women who thought their spouse had a low likelihood of HIV infection. In addition, of the four tests of HIV risk assessment accuracy, only the chi-squared and kappa tests for wives' assessments of their husbands' HIV status are significant at the 5% level.
Why do individuals frequently overestimate the likelihood of HIV infection for their spouses as well as Table 4 . First, the results of the multivariate regression analysis allow us to identify the factors associated with believing one's spouse to be infected with HIV when, in fact, he or she is HIV negative (Table 4 , left panel). Self-reported infidelity and suspected spousal infidelity stand out as the dominant correlates of overestimating one's spouse's HIV risk. For women, it is their suspicion that their husbands had extramarital partners rather than their own self-reported number of extramarital partners that influence whether they believe there husbands are at risk. Women who suspect their husband had an extramarital relationship are 10.2 times more likely to believe that their (uninfected) husband is HIV positive than women who do not suspect their husband of infidelity. However, the small number of women who report having had an extramarital relationship themselves do not perceive their husbands to be at significantly greater risk. Women with more education are also significantly more likely to overestimate the HIV status of their husband. For men, both their own selfreported infidelities and their suspicions about their wives' infidelities contribute to overestimating their wives' risk of having HIV. Men's marital history is also an important covariate of the observed inaccuracies: men who have been previously married are significantly more likely to overestimate their wife's HIV status.
Predictors of overestimating one's own HIV risk differ from those of overestimating one's spouse's HIV risk (Table 4 , right panel). Women who have been married for a longer period of time, whose husband was previously married, or who suspect their husband of having extramarital partners tend to think they are infected with HIV while they are not, although their own infidelities have no significant effect on these perceptions. In contrast, men tend to overestimate their likelihood of having HIV only the basis of their own self-reported infidelity, not on the basis of their marital history or background characteristics. 
Discussion
The present study is the first one to show that rural Malawians are frequently inaccurate when assessing their own or their spouses' HIV status. Among the incorrect assessments, overestimating one's own and one's spouse's HIV risk is far more common than underestimating risk of HIV infection. In addition, both men and women are more likely to overestimate their own risk of HIV than their spouses'. Women, in particular, appear to be better at assessing their husbands' risk than their own. They are also better at assessing their husbands' risks than men are at estimating their own HIV status. Since our analysis is limited to monogamous couples, we cannot determine where accuracy improves or diminishes in polygamous unions. With respect to the significant predictors of the observed inaccuracies for HIV negative respondents, we find that husbands' suspected and self-reported behaviors, specifically with respect to their extramarital sexual partnerships, are associated with a higher perceived HIV risk among men who are HIV negative. Both men and women appear to believe that not only do husbands' extramarital relationships increase husbands' HIV risk, but that they also place their wives at greater risk of infection. In contrast, women's infidelities are not significantly associated with wives' perceptions of their own or their husbands' risk (although only very few women admit to infidelity). While husbands seem to believe that their wives' extramarital relationships will significantly increase the probability that their wives are HIV-infected, they do not perceive their wives' behaviors as a significant factor in assessing their own risk. Thus, for women, characteristics and behaviors of their husbands are significantly associated both with self-assessed HIV status, as well as perceptions about the HIV status of their spouse; whereas women's own characteristics are not significantly associated with women's assessment of their own or their spouses' risk. These findings are thus an important contribution to previous research emphasizing the perceived vulnerability of wives to HIV infection via their husbands' sexual behavior. In summary, our findings indicate that married men and women see their own and their spouses' risks as linked, but also as dominated by husbands' characteristics and behaviors. Since husbands' behaviors may be unknown and uncontrollable from the perspective of their wives, they may engender a particularly high level of anxiety and worry about contracting HIV among wives. Indeed, according to the MDICP data, a larger percentage of women than men are worried about HIV infection (Smith and Watkins 2005) .
Study Limitations
It is important to emphasize that research involving selfreported sexual behaviors, particularly marital infidelity, is prone to biases resulting from inaccuracies in survey reports. For example, in the present analysis spouse's infidelity may be more strongly associated with perceived risk than own infidelity for women than for men because women in sub-Saharan Africa are more likely than men to underreport their own infidelity (Buvé et al. 2001; Nnko et al. 2004) . In contrast, suspected infidelity of a spouse is likely to be more accurately reported than one's own infidelity. For example, according to MDICP-2004 data, women are more likely to report that their married ''best friends'' have had extramarital partnerships than to report that they have had sexual partners other than their husbands. In addition, in rural setting respondents frequently learn about their spouse's infidelity through gossip by other members in that small community (Watkins 2004; Watkins and Swidler 2008) .
The strong association between suspected spousal infidelity and perceived risk of HIV infection may also be due to the fact that most rural Malawians overestimate the likelihood of HIV transmission per sexual act. While the actual likelihood of infection, in the absence of an increased viral load or other sexually transmitted infection, is approximately one in a thousand (95% confidence interval: 0.0008-0.0015 per act of intercourse; Gray et al 2001) , more than 95% of MDICP-2004 respondents believe AIDS is ''highly likely'' or ''certain'' to be transmitted from one act of unprotected intercourse with an HIVinfected person (Anglewicz 2007) . Because the risk of HIV transmission is overestimated, individuals are likely to believe that infidelity will inevitably lead to infection of their spouse, who will subsequently pass the infection to the respondents themselves. Further evidence for the overestimated risk of HIV transmission is found in qualitative reports, which show that many rural Malawians find it highly unlikely for married couples to be HIV discordant (Santow et al. 2008) , despite the fact that only 8.3% of MDICP-2004 currently married monogamous couples are discordant, compared to 2.3% of couples that are concordant HIV positive (see Table 2 ).
Our use the term ''accuracy'' to describe self-assessed risk of HIV infection requires additional qualification. Due to the stochastic element in HIV transmission, it is possible at the individual level to estimate a high likelihood of HIV infection but nonetheless be HIV negative. For example, an individual may have engaged in risky activity but nonetheless be HIV negative merely due to chance. In this case, the individual is not ''incorrect'' if they assess a high likelihood of current infection with HIV. However, for a population that understands that HIV is transmitted sexually and perceives extramarital sexual activity to be the major source of their risk (Anglewicz and Kohler 2006; Watkins 2004) , we expect a correspondence between subjective risks and actual HIV infection at the aggregate level. Thus, our description of subjective beliefs as ''correct'' and ''incorrect'' refers to the population-level assessment.
Policy Implications
The observed gender differences in assessing the HIV risk of one's spouse have important implications for developing effective HIV/AIDS prevention interventions. In particular, since both husbands and wives perceive their HIV risks as tightly intertwined, couple counseling and testing may be viewed as highly acceptable and effective. Given that both husbands and wives tend to substantially overestimate the probability that they or their spouses are infected, knowing their own and their spouses' HIV status may come as a relief for many married couples. For the large majority of couples who are HIV negative, couple testing and counseling can provide an excellent opportunity to discuss and develop appropriate strategies to jointly avoid HIV. In particular, our findings that both men and women identify men's extramarital sexual partnerships as a primary source of perceived risk both for themselves and their spouses, suggest that greater encouragement of male sexual fidelity through couples' counseling, media outreach, and community groups would greatly reduce both men's and women's sense of vulnerability. Couples who are serodiscordant or who do not intend to remain sexually exclusive may consider using condoms with their spouse. The possibility of using condoms within marriage has been widely debated (Adetunji 2002 ), but there is some emerging evidence that condoms may be an acceptable alternative for couples who perceive themselves to be at substantial risk.
This research also reinforces the importance of expanded access to voluntary counseling and testing facilities throughout sub-Saharan Africa. While access to VCT has increased in recent years, many residents of rural areas of sub-Saharan Africa still do not have adequate access to HIV testing (WHO 2007) . In this research, we show that men and women in rural Malawi are often incorrect in estimating their and their spouse's HIV status. It is reasonable to believe that in the absence of testing facilities, subjective assessments are likely to drive behavior. If so, then for many Malawians their sexual behaviors are being guided by faulty assumptions. Given that access to VCT has increased in sub-Saharan Africa since 2004, it would be useful to examine how the accuracy of individual and spousal perceived HIV risk changes after receiving an HIV test result, as well as the relationships between perceived risk, risk behavior, and HIV testing.
Future Research
The present study thus highlights the need not only to reconsider the counseling component of VCT programs, but also to re-orient our theoretical and conceptual models of HIV risk, as they both currently primarily address individual behavior modification rather then couple-based protection strategies. Focusing on individuals' behaviors to reduce the spread of HIV may prove inadequate in subSaharan African countries, such as Malawi, where infection within marriage is becoming increasingly common. Interestingly, evidence from rural Malawi suggests that many individuals have begun to develop their own couple-level protection strategies. For example, rural Malawian women who perceive themselves to be at risk of HIV because of their husbands' behavior are increasingly turning to divorce as a protection method (Reniers 2008) . Suitors perceived to be at high risk of having HIV are also increasingly rejected as marriage partners (Watkins 2004 ). More research is required to determine how effective these strategies are in protecting couples from HIV infection. Given the large discrepancies between spouses' risk perception and actual HIV status, couples may be turning to divorce or declining marriage and remarriage opportunities prematurely. Overall, our findings highlight the shared HIV risk of married couples, and the necessity of considering HIV risk from the couple, rather than the individual, perspective when planning HIV interventions and policies in sub-Saharan African countries with generalized epidemics.
